INTRODUCTION
Since the early 2000s, approximately 840,000 Canadians have been diagnosed with cancer 1 . Colorectal cancer is the 3rd most common cancer survivorship site, with approximately 105,000 survivors. That high number is the result of both a high incidence (colorectal cancer is the 3rd most frequently diagnosed cancer in both men and women, with 23,900 incident cases per year) and a 65% 5-year relative survival 1 . With a growing and aging population, the number of new cancer cases in Canada is expected to continue rising 1 . In addition, people diagnosed with cancer are now living longer than ever 2 , meaning that a growing number of cancer survivors can be expected to increase the burden on the health care system. The 2006 U.S. Institute of Medicine report From Cancer Patient to Cancer Survivor: Lost in Transition highlighted the often-overlooked and multiple care needs of cancer survivors, including surveillance for local, regional, or distant recurrences of the initial cancer; and screening for new primary cancers at other sites 3 . Although guidelines for cancer surveillance have been created for many commonly diagnosed cancers (for example, breast 4, 5 , cervical 6 , endometrial 7 , colorectal 8, 9 , melanoma 10 , and prostate 11 ), no guidelines have been developed for the provision of preventive screening for new primary cancers among cancer survivors, despite studies demonstrating that many cancer survivors are at increased risk of developing a second malignancy [12] [13] [14] [15] [16] [17] .
Cancer screening is an important component of preventive health care in defined target populations. Although cancer screening is more frequent for cancer survivors than for the general population, a significant proportion of cancer survivors do not receive screening for new primary cancers 18 . Little is known about cancer screening practices among Canadian cancer survivors. One Canadian study 19 reported that colorectal cancer survivors from Ontario were less likely than a matched non-cancer control population to receive breast cancer screening and no more likely to receive cervical cancer screening.
It is recommended that women 50-69 years of age in Nova Scotia undergo mammography every 2 years for breast cancer screening 20 . Of N.S. women 50-69 years of age, 48.03% underwent screening mammography in [2006] [2007] 21 (the latest two full years also examined during our study). The N.S. breast screening program also targets women 40-49 years of age for annual mammography. A Papanicolaou (Pap) smear is recommended at least every 3 years for women 21-75 years of age for cervical cancer screening 22 . Of N.S. women 18-69 years of age, 81% had received a Pap smear within the preceding 3 years 23 .
The objective of the present study was to describe the receipt of breast and cervical cancer screening by colorectal cancer survivors in Nova Scotia and to examine factors associated with such screening practices.
METHODS

Data Sources and Study Cohort
Our retrospective, population-based cohort study used the Canadian Institutes of Health Research and Cancer Care Nova Scotia Team access (Access to Colorectal Cancer Services in Nova Scotia) database 24 , which includes all individuals diagnosed with colorectal cancer in Nova Scotia between January 1, 2001, and December 31, 2005. The present study included all patients diagnosed with stage i, ii, or iii colorectal cancer. Only those who underwent resection, indicative of curative treatment for colorectal cancer, were included. Because the study was considering receipt of breast and cervical cancer screening, only eligible women were included in the cohort.
We considered the cancer survivorship period to begin immediately after an individual's colorectal cancer diagnosis. The cancer survivorship period continued until censoring, the end of available data, or the study end date (March 31, 2008, for 62.8% of the cohort). Censoring dates were calculated to be 90 days before
• diagnosis of a new primary cancer, • evidence of colorectal cancer recurrence, • initiation of chemotherapy or radiotherapy more than 365 days after diagnosis, • surgical resection of common distant recurrence sites (liver and lung), • enrollment in a palliative care program, and • date of death.
We excluded individuals with evidence of recurrence or advanced disease within the first year after diagnosis, and those with a previous cancer diagnosis. Individuals residing in the Cumberland District Health Authority were excluded, because some of their health care might have been delivered in a nearby province and would not have been captured in the database we used. The cervical cancer screening analysis excluded individuals with a prior hysterectomy, and the hysterectomy date was used as a censoring criterion. 
Statistical Analysis
We used Kaplan-Meier and Cox proportional hazards models to assess time to first breast and cervical cancer screening test. This analysis technique allowed us to account for the variable lengths of follow-up in the data (a result of the staggered entry and censoring of the cancer survivors throughout the study period). We stratified the cohort into age groups representative of the guidelines for general-population breast and cervical cancer screening, focusing our analyses on survivors within the recommended age groups set out by the N.S. screening guidelines 25, 26 (breast cancer screening: ages 40-69; cervical cancer screening: ages 21-75). For individuals whose age exceeded the upper age limit in the cancer screening guidelines, we report results separately for those who were less than and greater than 10 years above the recommended upper age limit. Age groups were defined based on the age of each survivor at time of the colorectal cancer diagnosis; survivors did not switch age groups as they aged.
To identify factors that affected time to first breast or cervical cancer screen during the survivorship period, we conducted univariate analyses using Cox proportional hazards models. Those univariate comparisons were planned a priori. The following variables were considered: 5-year age group at diagnosis, cancer site (colon vs. rectal), stage (i, ii, or iii), comorbidity (modified Elixhauser scale 27 : coded as 0, 1, ≥2 comorbid conditions, excluding cancerrelated comorbid categories), urban or rural residency, receipt of breast or cervical cancer screening before the colorectal cancer diagnosis (within the preceding 3 years for breast cancer screening and within the preceding 4 years for cervical cancer screening), utilization of a primary care physician (annualized rate, excluding visits within the first year after diagnosis, grouped into quartiles), and oncology specialist utilization (annualized rate, excluding visits within the first year after diagnosis, and rounded into one these categories: 0, 1, ≥2 visits per year). Physician utilization within the first year after diagnosis was likely to have been focused on primary colorectal cancer treatment and was therefore not examined. All proportional hazards models satisfied the proportionality assumption (p > 0.05), with one exception: urban or rural residency in the breast cancer screening cohort (p = 0.02). That exception was analyzed using a stratified Kaplan-Meier curve and log-rank test.
An exploratory analysis examined time to a second screening; it included those who had a first breast or cervical cancer screening event during the survivorship period. We then observed the time to the survivor's second screening event, with "time zero" being the date of the first screening event.
All analyses were conducted using the Statistical Analysis System (version 8: SAS Institute, Cary, NC, U.S.A.). Statistical significance was considered at α = 0.05. The Cox proportional hazards models had 80% power to detect significant hazard ratios of 1.53 and 1.43 for the breast and cervical cancer age-restricted cohorts respectively. Data access was approved by the Capital District Health Authority and Dalhousie University research ethics boards.
RESULTS
Table ii presents the characteristics of the 705 women who were diagnosed with colorectal cancer in Nova Scotia during the study period and who were eligible for inclusion in the analysis. Our age-restricted study cohorts contained 318 and 443 survivors who were diagnosed with colorectal cancer between the ages of 40-69 and 21-75 respectively. Figures 1 and 2 show the time to first breast and cervical screens for the entire colorectal cancer survivor cohort, stratified by age. No significant difference in time to first breast screen was observed between the 40-49 and 50-69 age groups ( p = 0.99). Compared with colorectal cancer survivors who were within the guidelinerecommended age groups, those older than the guideline-recommended age were less likely to receive both breast and cervical cancer screening ( p < 0.001 for all comparisons).
A significant proportion of colorectal cancer survivors never received breast or cervical cancer screening during the study period and after their colorectal cancer diagnosis: 30 Survivors who had an average of 1 oncology specialist visit per year in the survivorship period (excluding the first year after diagnosis) were more likely than those who received fewer follow-up visits from an oncology specialist to receive screening mammography (hr: 1.57; 95% ci: 1.05 to 2.36; p = 0.028) and borderline significantly more likely to receive a Pap test (hr: 1.46; 95% ci: 1.00 to 2.12; p = 0.051). However, no dose-response effect was observed; individuals who visited their oncology specialists more frequently (≥2 times annually) did not receive more frequent screening. No other factors in the analysis were statistically significant.
Cancer survivors who received screening mammography or a Pap test during the study period were We found that, of colorectal cancer survivors within the Capital District Health Authority, 52.9% (95% ci: 44.1% to 61.6%) received screening mammography within the first 2 years after diagnosis; in the entire cohort, 46.4% (95% ci: 40.3% to 52.5%) received screening mammography within the first 2 years after diagnosis, which indicates a small but detectable difference in the screening rate.
DISCUSSION
In our population-based study of N.S. colorectal cancer survivors, we found that, of colorectal cancer survivors who were within general-population age recommendations for screening, 30.1% never received screening mammography and 47.9% never received a Pap test during the survivorship period.
The strongest predictive factor for receiving breast or cervical cancer screening was receipt of the same screening test before the colorectal cancer diagnosis. Prior screening has been shown to be a predictive utilization measure of repeat mammography in the general population 28 , and rates of repeat mammography screening are much higher in the N.S. general 29 . We observed similar results in our time-to-second-screen analysis, in which 89.6% and 82.2% of survivors who received one screening event during the survivorship period received a second screen during the study period (breast and cervical cancer respectively). The Nova Scotia Breast Screening Program sends reminder cards to women 40-69 years of age who are enrolled in the screening program, which might be responsible for the high proportion of survivors who received a second breast screen. After age 70, women are no longer sent reminder cards, but can still receive screening mammography.
The organization of screening programs can be a key determinant of screening patterns in cancer survivors. Previous literature has shown that reminders can be an effective method of increasing adherence to cancer screening in the general population 30 , which is consistent with our findings in a colorectal cancer survivor cohort. Despite the Cervical Cancer Prevention Program not using a reminder card system, we observed results for pre-diagnostic cervical cancer screening and time-to-second-screen that were similar to those for breast cancer screening. One of the top self-reported reasons that women undergo cervical cancer screening is receipt of the reminder card sent by the Nova Scotia Breast Screening Program 29 .
In the age-restricted analysis, a younger age at diagnosis was predictive of receiving a cervical cancer screen, but not a breast cancer screen. In previously published literature examining cancer survivors, older age was found to be predictive of not receiving cancer screening [31] [32] [33] . However, those studies included cancer survivors who were older than those included in our age-restricted analyses. The most probable reason that we did not see decreased screening in our breast cancer screening analysis is our use of an upper age limit of 69 in the analysis. Given that we found significantly less receipt of breast cancer screening in individuals 70 years of age and older, we would likely have observed a trend similar to that in the published literature had we removed the upper age limit.
In previous studies, increasing numbers of total physician visits 33 and primary care visits 34 have been shown to correlate with increased cancer screening uptake among cancer survivors. However, primary care and oncology specialist visit rates did not appear to have much influence in our cohort, except for one oncology specialist visit, which had borderline statistical significance in breast and cervical cancer screening. The discrepancy could be a result of our analysis technique in a cohort with variable lengths of follow-up. Previous research in a population of breast cancer survivors showed that physician utilization changes over the course of the survivorship period, with an increasing number of visits with the primary care physician and a decreasing number of visits with the oncology specialist over time 35 . We measured physician utilization as an annualized rate that would not have captured such changes.
Previous studies in colorectal 36 and breast cancer survivors 37 demonstrated an association of stage at diagnosis and comorbidity with not receiving cancer screening. In our cohort, those predictors were not significantly associated with receipt of cancer screening. It is possible that we did not observe an effect of comorbid conditions because our cohort was restricted to much younger ages than are seen in other studies (40-69 years vs. 67-79 years), with the result that the influence of comorbidity might have been lessened. It is less clear why stage at diagnosis did not have an effect on screening receipt in our cohort.
We focused our analyses on survivors within recommended general-population age limits for breast and cervical cancer screening. When we examined receipt of screening in individuals just above the age recommendations, the screening rate was small but not nil. That finding could potentially present a bias in studies comparing cancer survivors with a general population, because cancer survivors might preferentially be encouraged to receive screening above general-population age recommendations because of their higher risk for developing secondary cancers. For that reason, we recommend that future research use age-restricted cohorts until screening guidelines specifically for cancer survivors are developed.
We are aware of no studies that have examined whether the benefits of cancer screening differ for cancer survivors and a general population, but the existing literature shows that colorectal cancer survivors are, at best, as likely as a general population to develop secondary breast and cervical cancers and are often at a greater risk than the general population of developing second primary cancers [15] [16] [17] . Future research should seek to compare the survival benefits of screening for new primary cancers in cancer survivors and in general populations.
Our study has many strengths. We used data from numerous administrative databases to create explicit inclusion, exclusion, and censoring criteria. The censoring criteria allowed us to identify colorectal cancer survivors with variable lengths of follow-up and to use survival analysis techniques on the resulting data. Our source population included all incident cases of colorectal cancer in Nova Scotia diagnosed during 2001-2005, eliminating the potential response bias inherent in many self-reported surveys. We were also able to differentiate screening and diagnostic mammography, and we included only screening mammography in our analyses.
The limitations of our study largely ref lect limitations in the data set. One limitation was our inability to include all mammograms conducted within Nova Scotia into our study cohort, because mammography conducted outside the screening program was not captured. That limitation was confirmed by our observation that a slightly higher proportion of cancer survivors were screened within 2 years after diagnosis in the Capital District Health Authority than in the cohort overall. No data are available to indicate whether that situation represents a data limitation or an inherent difference in population screening behaviour. Another limitation in our study was data availability. On the study end date (March 31, 2008) , 62.8% of the cohort was censored because of a lack of data. Given that we included all incident colorectal cancer cases to December 31, 2005 , some survivors analyzed in our cohort had less than 2.5 years of follow-up on study. Furthermore, because we lacked access to test results and family history, we could not examine possible overutilization of cancer screening in the cohort. We could not measure clinical or prognostic factors such as frailty, postoperative complications, or treatment side effects that might have influenced receipt of cancer screening. Another limitation of our study is power. Although our study population included all women diagnosed with colorectal cancer in Nova Scotia during a 5-year period, we were able to reach only 80% power to detect hazard ratios of 1.53 and 1.43 in our Cox proportional hazards models for breast and cervical cancer screening respectively.
CONCLUSIONS
In our population-based study of colorectal cancer survivors in Nova Scotia, we found that a significant proportion of cancer survivors within generalpopulation screening age recommendations did not receive breast and cervical cancer screening. Receipt of breast and cervical cancer screening varied substantially for individuals within and outside the age recommendations for population-based screening. Future research in this area should focus on individuals who meet the age recommendations for population-based cancer screening.
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